It has been claimed that the durability of hip-joint replacement improves with isoelastic prostheses. A PEEK composite accordingly appears to be a suitable material system. Prosthesis-stems were injection moulded from 30% short CF reinforced PEEK and a preliminary FE analysis indicated improved mechanical compatibility between the bone and the stem.
Longevity of hip-joint prosthesis is essential for reasons of patient comfort and efficient utilisation of surgical expertise and resources. The most frequent reason for revision is pain caused by loosening of the implant and the main factor in loosening is a mis-match in the mechanical environment of the bone, the implant and the cement. Devices, as currently made from metal alloys, have moduli of elasticity 6 to 10 times that of cortical bone. This mismatch inhibits the biological response of the bone and results in its progressive degeneration. A polymeric based composite of appropriate polymer and fibre materials, fibre aspect ratio, orientation and percentage content allows the mechanical properties to be tailored and matched. The elastic modulus of bone is 17.6 GPa; that of 30% by weight short carbon fibre reinforced PEEK can be between 14 and 20 GPa. High strength, high toughness and biocompatibility are additional advantages. Injection moulding of the stem facilitates the provision of a range of standard size without excessive cost and, thereby, a quantum leap in the supply of implants.
A moulding tool for the production of a prosthesis stem has been manufactured in-house employing CAD-CAM facilities. Injection mouldings of 30% by weight short carbon fibre reinforced PEEK, Figure 1 , were produced on a state-of-the-art ENGEL,ES 200/65, machine.
1 Hip-joint prosthesis injection moulding.
3-D finite element analysis has been used to assess stresses in the hip-joint structure. The 1-DEAS-5 package was employed and half of the structure, symmetrical about coronal plane (ie. x-z plane), was modelled (see Figure 2) . Parabolic brick (20 noded) and wedge (15 noded) elements were employed in order to achieve good convergence and accuracy. Materials were assumed to behave as linearly elastic and properties except those of cortical bone to be isotropic. Interfaces between prosthesis-cement-bone were considered perfectly bonded. Simulations incorporating titanium, PEEK-based composite and collared PEEK-based composite prostheses have been compared; see Figure 3 . The enhanced effectiveness of the PEEK prosthesis in terms of load transfer to calcar is evident Furthermore, stress levels generated in the prostheses and cement were well below the associated fatigue endurance limits (typically 14-17 MPa and 70 MPa for PMMA and PEEK composite, respectively). The produced stress levels in calcar are at some variance with work done elsewhere but arise due to differences in the geometries selected. Work is on-going in further tailoring of composite properties and on evaluation of static and dynamic mechanical performance in simulated usage.
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